Objective-To characterize the clinical signs, diagnostic and surgical findings, and outcome in dogs with spinal epidural empyema (SEE). Study Design-Retrospective study. Animals-Seven dogs. Methods-Dogs with SEE between 1992 and 2001 were identified from a computerized medical record system. Inclusion criteria were: neurologic examination, vertebral column radiographs, myelography, antimicrobial culture and susceptibility of material collected surgically from the vertebral canal, a definitive diagnosis of SEE confirmed by surgery, and microscopic examination of tissue from the vertebral canal. Results-Common signs were lethargy, fever, anorexia, apparent spinal pain, and paraparesis/plegia. Common laboratory abnormalities were peripheral neutrophilia, and neutrophilic pleocytosis in cerebrospinal fluid (CSF). Three dogs had concurrent discospondylitis and 1 of these had vertebral luxation. On myelography, extradural spinal cord compression was focal (2 dogs), multifocal (3), or diffuse (2). Bacteria were isolated not from CSF but from blood, surgical site, pleural fluid, or urine in 6 dogs. Dogs were administered antibiotics and had surgical decompression by hemilaminectomy. Five dogs improved neurologically and had a good long-term outcome. Two dogs were euthanatized, 1 because of worsening of neurologic signs and pneumonia, and the other because of herniation of a cervical intervertebral disc 1 month postoperatively, unrelated to the SEE. Conclusion-Dogs with SEE may have a good outcome when treated by surgical decompression and antibiotic administration. Clinical Relevance-SEE should be included in a list of possible causes for dogs with fever, apparent spinal pain, and myelopathy. r
INTRODUCTION

S PINAL EPIDURAL EMPYEMA (SEE)
, also referred to as spinal epidural abscess, is a suppurative, septic process within the epidural space of the vertebral canal. Infection results from either the hematogenous spread of bacteria, or by direct local extension. [1] [2] [3] [4] [5] [6] Purulent, septic material accumulates within the epidural space resulting in apparent spinal pain and fever. Severe signs of neurologic dysfunction such as paresis, plegia, and incontinence develop as the disease progresses and spinal cord compression increases. 2, 6 When accompanied by severe neurologic signs, SEE in humans is considered a neurosurgical emergency. SEE is rare in dogs and humans, and is associated with substantial morbidity and mortality. Before the 1930s, SEE in humans was largely a necropsy diagnosis; 81% of affected persons died. Since then, rapid and improved diagnostics, surgical intervention, and use of broad spectrum antibiotics have reduced mortality to about 15%. 6 ,7 SEE often is not included in an initial list of possible causes of spinal cord dysfunction in people or dogs. 1, 6 Delay in diagnosis permits progression of clinical signs, and is associated with a worse outcome, despite appropriate therapy. 1, 2, 5, 6, 8 To our knowledge, of the 10 dogs with SEE that have been reported 2, 5, [9] [10] [11] [12] [13] ; only 5 dogs survived. 5, 10, 12 Our purpose was to characterize the clinical signs, diagnostic and surgical findings, and long-term outcome of 7 dogs with SEE.
MATERIALS AND METHODS
Dogs with SEE, between 1992 and 2001, were identified retrospectively by a computerized medical record search. Inclusion criteria were: neurologic examination; spinal radiographs; myelography; and a definitive diagnosis of SEE by surgery and histopathology or necropsy. Nine dogs fulfilled the inclusion criteria; however 2 dogs previously reported 2 were excluded from this study.
Surgical Management
In 7 dogs the spinal cord was approached by hemilaminectomy, and 1 dog also had a dorsal laminectomy. Two dogs had affected vertebrae stabilized using pins and polymethylmethacrylate. Liquid purulent material, when identified in the vertebral canal, was collected and submitted for microbial culture. The purulent material was then removed by gentle suction and lavage. When there was abnormal epidural tissue in the vertebral canal, as much as possible, this material was removed, usually in a piecemeal fashion, until the spinal cord was decompressed. This material was collected for microbial culture and susceptibility testing, histopathology, and in some cases, cytology. An autologous fat graft was placed over the laminectomy defect; wound closure was in 4 layers. (Table 1) On admission, the most common clinical signs were apparent spinal pain (7 dogs), acute paraparesis or paraplegia (5), lethargy (3) , and anorexia (3) . Before admission, 4 dogs (1-3, 7) were administered antibiotics for 2 weeks-4 months, and 4 dogs (1, 3, 6, 7) were administered glucocorticoids. Four of 5 dogs were febrile (102.6-104.01F); 1 dog not febrile on admission had an elevated temperature (105.01F) the previous week. All dogs had neurologic deficits and apparent spinal pain.
RESULTS
History and Clinical Signs
Hematologic Results (Table 2)
Six dogs that had a CBC had leukocytosis, and 5 dogs (2-6) had a neutrophilia; dog 3 had a left shift. Neutrophils were slightly toxic in dogs 3 and 5.
Urinalysis (Table 2) Three dogs (4-6) had 2 þ proteinuria and dog 6 had pyuria. Urine protein:creatinine ratio (UPC) was within the normal reference interval (o1) for dogs 4 (0.6) and 6 (0.51), whereas UPC in dog 3 was 4.48 (proteinuria was not noted).
Cerebrospinal Fluid (CSF) Analysis (Table 2) CSF was abnormal in 4 of 5 dogs (1-3, 5, 6), but bacteria were not observed. CSF was collected from lumbar and cisternal sites in dogs 1 and 5, from the lumbar site in dogs 2 and 6, and from the cisterna magna in dog 3. Mean cisternal CSF protein concentration was 37.3 mg/dL (range, 31-44 mg/dL; reference value, o25 mg/dL); mean total nucleated cell count (TNCC) was 15.3/mL (range, 5-30/mL; reference value, o3 nucleated cells/mL). Mean lumbar CSF protein concentration was 212.5 mg/dL (range, 10-726 mg/dL; reference value, o35 mg/dL); mean TNCC was 145.7/mL (range, 40-342/mL; reference value, 3 cells/mL). On cytology, except in dog 6, all CSF had a neutrophilic pleocytosis.
Diagnostic Imaging (Table 3) Dog 5 had mild, diffuse bronchointerstitial pulmonary changes compatible with chronic lower airway disease; no abnormalities were detected on lateral and dorsoventral thoracic radiographs of all other dogs. On abdominal ultrasonography of dog 3, a soft tissue, sublumbar mass, with complex echotexture was identified. The mass had both anechoic and hyperechoic regions, that were interpreted as consistent with a sublumbar abscess and possible foreign body. A small renal cyst of unknown significance was observed in dog 5. Abdominal ultrasound findings were within normal limits in dogs 1 and 6.
Three dogs (4, 6, 7) had discospondylitis. On lumbar myelography, with contrast filling to the level of the first cervical vertebra (C1), extradural spinal cord compression was noted in all dogs. Compressive lesions were focal (dogs 3, 7), multifocal (1, 5, 6) , or diffuse (2, 4); 4 dogs (1-3, 7) had compression of the lumbar spinal cord (Fig 1) , and dogs 4-6 of the thoracic spinal cord. Dog 7 had discospondylitis, vertebral luxation, and extradural spinal cord compression (Fig 2) . Four dogs (1-3, 7) had compressive spinal cord lesions at lumbar vertebrae 2 and 3 (L2-3). Computed tomography (CT) images of the lumbar spine in dog 1 after myelography revealed left sided, extradural compression at L3 and L6; however vertebral lysis was not apparent. (Table 3) During hemilaminectomy, dogs were administered cefazolin intravenously (22-25 mg/kg). Dorsal laminectomy was also performed, at L6-7 in dog 1, and multiple hemilaminectomies were completed in dogs 1, 4, and 5. In dogs 6 and 7, vertebrae were stabilized by Steinman pins and polymethylmethacrylate cement. Purulent material was noted around the spinal cord in 3 dogs (2-4); in 2 dogs (2, 3) purulent material was seen between the articular processes and/or within the paraspinal musculature. In 4 dogs (1, 3, 6, 7) reddish, friable tissue surrounded the dura mater; in dog 5 the epidural fat appeared hemorrhagic and gelatinous. In dog 3, exploratory celiotomy after hemilaminectomy was used to drain a retroperitoneal abscess. There were petechiae in the peritoneum at the attachment between the left diaphragmatic crus and the lumbar spine. A tract containing purulent material similar to that observed during hemilaminectomy was identified; however, a foreign body (e.g., grass awn) was not identified.
Surgical Procedures
Cytology
Purulent inflammation was observed in cytologic specimens collected at surgery in dogs 3, 4, and 5. Pyogranulomatous inflammation was observed in dog 1. In dogs 3 and 5, low numbers of rods were noted, whereas in dogs 1 and 4 organisms were not identified.
Histopathology (Table 4)
Inflammation was identified in tissue collected from the vertebral canal during surgery in all dogs. Suppurative steatitis was observed in dogs 3-6. Fibrinopurulent meningitis was diagnosed in dog 2, and pyogranulomatous tissue was noted around the spinal WBC, white blood cell count; TNCC, total nucleated cell count; N, neutrophils, lymph, lymphocytes; M, macrophages; UA, urinalysis; HCT, hematocrit; SG, specific gravity; RBC, red blood cell count; TP, total protein; PCV, packed cell volume; BG, blood glucose; UPC, urine protein/creatine ratio; wnl, within normal limits.
Reference intervals: WBC (6000-17,000/mL), neutrophils (3000-11,500/mL), lymphocytes (1000-4800/mL), monocytes (150-1350/mL), HCT (37-55%), Ca (9.9-11.4 mg/dL), albumin (2.9-4.2 g/dL),
cord and articular processes of dog 7. Osteomyelitis was observed in dogs 1 and 6.
Microbial Culture and Serology (Table 4) Bacteria were isolated from purulent material collected at surgery in 2 of 4 dogs (2, 3), and from granulation tissue around the spinal cord collected from 1 of 3 dogs (dog 1). A positive blood culture was obtained in 3 of 4 dogs (4, 6, 7). CSF culture was negative in 3 of 3 dogs. Urine culture was positive in 1 of 3 dogs (dog 6). Dog 2 developed pleural effusion 2 days after surgery; hemolytic Escherichia coli was isolated. Serology for Brucella spp. was negative in dog 4.
Thus 6 dogs had bacteria isolated. Hemolytic E. coli was cultured from 2 sites (epidural and pleural fluid) in dog 2 and from urine in dog 6. Bacteroides spp./Prevotella spp. was also isolated from epidural fluid in dog 2 and from a paraspinal abscess in dog 3. Klebsiella pneumoniae and Pasteurella hemolytica were isolated from epidural granulation tissue in dog 1 and Streptococcus canis from blood in dog 4. Staphylococcus intermedius was isolated from blood in dogs 6 and 7.
Outcome (Table 4) All dogs were administered broad-spectrum antibiotics for variable periods after surgery. Five dogs had a positive outcome because their neurologic status improved, and they were alive at follow-up examination ! 2 months after surgery. Four of 5 dogs that were non-ambulatory on admission became fully ambulatory; 2 were mildly paraparetic (3, 4) , and 2 were neurologically normal (5, 7). Dog 6 was ambulatory after surgery and improved in the following weeks but at 1 month became non-ambulatory tetraparetic with a C1-5 myelopathy. Results of a myelogram completed at this time were consistent with acute disc herniation at C5-6 and the dog was euthanatized at the owner's request. Dog 1 was ambulatory with paraparesis on admission. The owners reported that the dog had improved a lot after surgery, but was reluctant to jump. On neurologic examination there was delayed conscious proprioception (CP) in the pelvic limbs. Repeat spinal radiographs at 2 months demonstrated lytic changes on the articular processes of L2-5 consistent with osteomyelitis. No evidence of osteomyelitis was seen on the original survey vertebral radiographs or CT images. On re-examination at 4 months, the CP deficits had resolved, but a shifting leg lameness was observed. Repeat spinal radiographs, CT scan, and radiographs of the pelvic and right thoracic limbs were done. Evidence of L2-5 osteomyelitis was still evident and there was increased radiopacity in the left ilial wing, proximal aspect of the left femur, distal aspect of the right femur, and mottling of the proximal aspect of the left tibia. Radiographic changes were consistent with septic embolization. Bone biopsies from each site had a combination of hemorrhage, bone resorption, fibrosis, and lymphoplasmacytic inflammation. These findings were most consistent with infarction; microbial cultures of the biopsy sites were negative for bacteria and fungi. Blood cultures and Coccidioides immitis antibody titer also were negative. Antibiotics were administered for 8 months post-operatively, and 3.5 years after surgery the dog is reportedly normal.
Approximately 5 months after surgery, dog 5 was diagnosed with pituitary dependent hyperadrenocorticism that the owner elected not to treat. Neurologic examination at 27 months was normal except for mild discomfort, apparent on spinal palpation. At 29 months, this dog was euthanatized for non-neurologic reasons, and necropsy was not permitted. Dog 2 had a poor outcome. Neurologic deterioration and pleural effusion occurred during the first 2 days after surgery. Repeat myelography demonstrated additional sites of extradural spinal cord compression in the thoracic region and cauda equina. Because of the poor prognosis, the dog was euthanatized. Epidural empyema at T11, diffuse pyogranulomatous meningitis with multifocal axonal degeneration spanning from C6 to the cauda equina, pyogranulomatous pleuritis, and a suppurative bronchopneumonia were found at necropsy.
In dogs 3 and 5, duration of antibiotic therapy was based on serial CSF examinations (Table 5 ). In both dogs, TNCC and percentage of neutrophils decreased markedly with time and antibiotic therapy; however total protein concentration varied over time. (Table 5) 
DISCUSSION
Treatment of SEE in humans remains controversial. In dogs and humans, most authors advocate surgical decompression and drainage in combination with antibiotics, 1,2,6,8,9,14 although medical management alone has reportedly been successful in humans. 15, 16 Guidelines for medical management alone in humans are: patients who are poor anesthetic/surgical candidates; patients whose lesion extends a considerable length of the vertebral canal; patients without substantial neurologic deficits; and patients who have been paraplegic for 472 hours. 3, 8 These guidelines should be assessed with caution as neurologic status may decompensate rapidly. 1, 2, 5 Experimental studies inducing SEE in a rabbit model support a compressive rather than an ischemic cause for neurologic damage. 17 With progression of SEE, venous compromise occurs. In humans, prognosis worsens with severe neurologic dysfunction at diagnosis. 1, 6, 8 Early diagnosis and surgical intervention appear to be critical in limiting spinal cord damage 17 and improving prognosis.
1,2,6,8
Signalment and Clinical Signs
In the 7 dogs with SEE described here, breed predilection, gender or age predominance were not apparent. The most common clinical signs at admission were apparent spinal pain, lethargy, and anorexia, which are consistent with earlier reports; however, the duration of signs in other reports was shorter (o1 week). 2,5,9,13 Fever occurs in 37% 8 -66%
6 of humans with SEE. Five of the dogs reported here had either a history of fever or were febrile on admission. Eight of 10 previously reported dogs with SEE also had fever. 2, 5, 9, 10, 12, 13 In 915 humans with SEE, 34% were paraparetic or paraplegic at admission 6 and other smaller studies have reported a higher incidence of paresis/plegia ranging from 63-72%. 1, 3, 8, 18, 19 Five of our dogs were non-ambulatory on admission and the other 2 were ambulatory, but paretic. Likewise, 7 previously reported dogs were non-ambulatory.
2,5,12,13
Hematologic Findings
Peripheral neutrophilia appears to be the most common laboratory finding in dogs with SEE, including 6 previously reported 2,5,9,10,13 and 5 in the current report. These findings are consistent with SEE in humans where the prevalence of leukocytosis is 60% 8 -78%. 6 
CSF Analysis
CSF analysis results in this report supported a diagnosis of SEE. CSF with a predominance of neutrophils (475%) is consistent with but not diagnostic for bacterial disease within the central nervous system. 20 Four of 5 dogs had moderate increases in both TNCC and protein concentration. Results of CSF analysis are reported only in 4 other dogs 2,9,13 and were similar to those reported here. Many (73%) humans with SEE have CSF pleocytosis, which is most commonly neutrophilic and less commonly mononuclear 1 ; furthermore, 90% of those people had an elevated CSF protein concentration.
Imaging
Vertebral column imaging is essential in the diagnosis of SEE. Myelography was used in all of the dogs in this report, and in 8 of 10 dogs reported previously. 2, 5, 9, 12, 13 Whereas myelographic changes associated with SEE in dogs in this report were distinctive, they were not necessarily diagnostic. Myelography allows observation of the entire spinal cord, permitting diagnosis of multifocal lesions, and extent of the lesion(s). It was particularly valuable in 1 dog where a second lesion, outside the original area of neuroanatomic lesion localization, was identified. In humans, concerns about the use of myelography include blockage of contrast flow as a result of adhesions or large compressive lesions 1 ; however this seemingly was not a problem in any of the dogs in this report. Another concern with myelography is the potential for spread of microrganisms into the subarachnoid space. 6 Although MR imaging is the imaging modality of choice for the diagnosis of SEE in humans, 6 myelography has been used in the past, and is still used in some people when MRI is not available or inappropriate. 6, 21, 22 Myelography was abnormal in all 33 persons with SEE. 1 The combination of CT and myelography was 92% sensitive for diagnosis of SEE, 4 whereas the sensitivity of MR imaging was 80-91%. 1, 4 Advantages of MR imaging include: relatively good sensitivity; ability to perform multiplanar imaging 1, 6 ; ability to define the extent of SEE 8 ; characterization of the epidural inflammatory mass, 16 and its noninvasive nature 1, 6 ; however, MR imaging has a tendency to overestimate the extent of bony involvement. 8 CT imaging in dog 1 did not provide additional diagnostic information, but CT may be helpful in the diagnosis of osteomyelitis or discospondylitis in other dogs with SEE. Spiral CT technology allows rapid image acquisition combined with reformatted and reconstructed Fig  2) , and 3 dogs in another report. 12 Discospondylitis occurs in 8.3% of humans with SEE. 18 Although dog 1 had histopathologic evidence of vertebral osteomyelitis at surgery, radiographic changes consistent with osteomyelitis were not noted until 2 months later. The lack of radiographic or CT evidence of osteomyelitis at the time of surgery may have been because the dog had only a 2-week history of clinical signs before admission. Previously, radiographic evidence of osteomyelitis in association with SEE has been reported in only 1 dog. 5 Radiographic evidence of osteomyelitis occurs in 23-44% of humans with SEE. 1, 6, 18 
Microbiologic Observations
The most common pathogens isolated in this study were hemolytic E. coli, Bacteroides spp. or Prevotella spp., and S. intermedius. In 2 previously reported dogs, S. canis, S. intermedius, and Clostridium perfringens were isolated from the surgical site and from peripheral blood. 2 Isolation of Enterococcus fecalis and E. coli was reported in 1 dog with SEE after epidural analgesic administration. 10 E. fecalis also was reported in a dog with concurrent discospondylitis. 12 Interestingly, organisms were not isolated from CSF in the dogs in this report, or in other reports of SEE in dogs. In humans with SEE, CSF microbial culture rarely is positive. 1 In the dogs in this report, the most successful sites for positive cultures were the lesion site and blood. In humans, culture of the surgical site is 90% sensitive.
1 Previous antibiotic therapy likely influences success of microbial isolation. In humans not administered antibiotics, culture success increased to 97%. 1 Interestingly, all 4 dogs previously administered antibiotics in this study had a positive culture from surgically collected samples. The perioperative cefazolin administered to all dogs in our study may have influenced the culture results from the material collected at the time of surgery. However, it would not have affected the CSF culture results, since the CSF was collected before surgery, and therefore before perioperative antibiotics were administered.
Type of bacteria isolated is likely dependent on the source or route of infection. Most SEE in humans is caused by S. aureus and Streptococcus spp. 1, 3, [6] [7] [8] 19 ; bacteria most commonly associated with skin infection and osteomyelitis. Predisposing factors for SEE infection with these bacteria include invasive procedures (e.g., surgery) or epidural catheterization, especially if catheters are in place for more than 3 days. 19 Additional risk factors for developing SEE include diabetes mellitus, trauma, urinary tract infection, corticosteroid therapy, and immunocompromise.
1,6,8 Dog 6 was later diagnosed with pituitary-dependent hyperadrenocorticism, and dog 3 had a retroperitoneal abscess at the time of SEE diagnosis. The cause of SEE in dog 3 was speculated to have been associated with migration of an inhaled foreign body (e.g., a grass awn) or by direct extension of the infected retroperitoneal tissue.
Surgical Treatment
The goal of surgery was to make a diagnosis by obtaining material for microbial culture/susceptibility testing and pathology; and to treat the dog by decompressing the spinal cord and stabilizing the vertebrae if luxation was present. Stabilization is occasionally required in people treated surgically for SEE. 23 In 5 dogs (1, 3-5, 7), laminectomy was done at the site of all myelographic extradural lesions. In the 2 other dogs (2, 6), the laminectomy was not done at all the sites of myelographic abnormalities. In dog 2, there was an extradural lesion from T2-12, L1 and L2. More extensive surgery was not performed because a large amount of pus was removed from the vertebral canal. In dog 6, the C6-7 extradural lesion was not addressed as it was determined to be chronic, most consistent with a type II disc protrusion. This lesion was not compatible with the dog's clinical signs because the dog was much more paretic in the pelvic limbs than the thoracic limbs. The T5-6 spinal cord compression was not treated surgically, because of concern for increasing morbidity after surgery for the T10-11 lesion. Both of these dogs had a poor outcome. The outcome of dog 6 is difficult to assess, as this dog was euthanatized for an unrelated acute cervical disc problem (C5-6). It is possible that dog 2 may have had a better outcome had a more aggressive surgical decompression and drainage been performed.
Surgical stabilization was performed in dogs 6 and 7 using pins and polymethylmethacrylate. Vertebral luxation was noted preoperatively (dog 7) and intraoperatively (dog 6). The risk of placing an implant in an infected site was considered less than the potential risk of spinal cord trauma because of continued vertebral instability. Pins and polymethylmethacrylate were used instead of a plate, as a good bone-plate interface could not be achieved at these locations (T10-11 and L2-3) in these dogs.
Outcome
Five dogs improved markedly after surgical intervention and antibiotic therapy. Although dog 6 had a poor outcome, this dog did improve postoperatively. Unfortunately, a month later, the owners euthanatized the dog because of acute intervertebral disc herniation. These findings support the importance of early detection and treatment to achieve a positive outcome. 1, 2, 6, 8 Although a larger SEE patient population is needed to determine the relationship of neurologic status and outcome in dogs with SEE, it would appear that, as in people, severe neurologic dysfunction is correlated with a poor prognosis. 1, 2, 6, 8 In humans, SEE often is initially misdiagnosed as meningitis or intervertebral disc disease. 6 In dogs, the combination of myelopathic signs in association with fever should lead clinicians to suspect an infectious or inflammatory process and thus include SEE in a list of differential diagnoses.
Little information is available about SEE in dogs. Fever, apparent spinal pain, and myelopathic signs should increase the index of suspicion for SEE. Although limited by the small number of dogs with SEE, the findings in this report suggest that rapid diagnosis, early surgical intervention and long-term antibiotic administration may contribute to a successful outcome.
